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INTRODUCTION 


Many  field  activities  of  the  Naval  Shore  Establishment  have  found 
that  airfield  runway  markings  and  the  asphaltic  substrate  deteriorate  rapidly. 
Studies  conducted  at  theU.  S.  Naval  Civil  Engineering  Laboratory  (NCEL)1  3 
have  indicated  that  flexibility  is  a  prerequisite  for  good  field  performance  of 
airfield  marking  paints. 

A  method  for  measuring  the  flexibility  of  airfield  runway  marking 
paints  is  given  in  Federal  Specification  TT-P-85b.  This  specification  requires 
that  the  paint  on  a  tt  .  panel  neither  crack  nor  flake  after  bending  180  degrees 
around  a  1/2-inch-diameter  cylindrical  mandrel,  evidence  of  cracking  or 
flaking  from  the  th.n  metal  panel  constitutes  failure.  Thus,  test  results  are 
reported  as  either  "conformed"  or  "failed."  The  results  of  such  flexibility 
tests  of  ten  experimental  airfield  runway  marking  paints  from  previous 
studies1'3  are  shown  on  line  1  of  Table  1.  It  shows  that  paints  7  and  8  met 
the  qualitative  requirement,  whereas  paints  1.  2,  3,  4,  5,  6.  9.  and  10  did  not. 

It  is  much  more  desirable  in  coating  research  to  have  objective  and 
quantitative  data  rather  than  just  a  "conformed"  oi  "failed’  notation.  Test 
methods  for  obtaining  quantitative  data  are  described  in  ASTM  Standard 
D522-60and  in  Federal  Test  Method  Standard  (FTMS)  No.  141.  Method 
6222.  Both  use*  a  conical  rather  than  a  cylindrical  mandrel  in  the  bend  test, 
so  that  the  diameter  of  the  mandrel  at  which  no  cracking  occurs  can  be 
measured.  The  flexibility  of  paint  films  determini  l  by  these  procedures  is 
expressed  in  terms  of  percent  elongation  of  the  film.  Either  test  method  is 
satisfactory  for  rouiine  quality  testing,  but  each  has  limitations  for  use  in 
coating  research.  The  measurable  range  of  pamt-film  elongation  using  these 
methods  is  only  from  approximately  2  to  8%,  depending  upon  the  thickness 
of  the  paint  film  on  the  panel  used  as  a  substrate. 

Examples  of  test  results  obtained  by  FTMS  No.  141.  Method  6222, 
are  given  on  line  2  of  Table  1.  It  can  be  seen  that  only  paints  6,  7.  8,  and  9 
had  values  in  the  measurable  range  of  this  method,  whereas  paints  1,  2,  3,  4. 

6,  and  10  had  values  less  than  the  lower  limit,  and  their  actual  percent 
elongation  could  not  be  determined.  The  measurements  were  marie  in 
triplicate,  and  the  precision  of  the  results  is  illustrated  in  Table  2.  Line  3 
of  Table  1  shows  data  obtained  using  a  free-film  method  of  determining 
paint  flexibility.  This  method  is  believed  to  be  more  precise  and  will  tie 
described  later. 
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Table  1  Perni-Fiim  fteeibibtv  IP*rteni  Elongationi  LHIIimlntd  by  Verloul  Teel  Method* 


reel 

Method 

Avrifl* 

Imii) 

Pemt  Sample  No 

B 

B 

B 

B 

B 

B 

B 

B 

B 

jiJ 

TT-P-65b 

■a 

f 

B 

B 

B 

B 

O 

c 

c 

B 

B 

FTMS 

No  141 

(%l 

ee 

<2.46 

<2  44 

<2.37 

<2.82 

<2.24 

667^ 

a 

a 

<2  33 

Gardner 

Apperetwe 

IN) 

D 

1.26 

0.62 

0.63 

1.60 

Q 

6.16 

Q 

6.04 

a 

1.00 

NOTE  f  meant  f elite*  to  meet  qualitative  requirement. 

C  mem  conformed  to  quelltetlve  requirement 
<  Indice  tee  Mm  then  minimum  meeeurebla  percent  tlontetlon  mown 
2/  No  cracking  or  flaking  at  1 /2-Inch  mandrel 


Teble  2.  Analyele  of  Flexibility  (Percent  Elongation)  Data  Obtain  by 
FTM8  No  141.  Method  6232 


Semple^ 

No. 

Average 

Elongation 

INI 

Limit  at  96% 
Confidence 
Interval 

E  ill  mated 
Standard 
Deviation 

Coefficient^/ 
of  Variation 
(X) 

1 

<2.48^ 

•3/ 

• 

• 

3 

<2  44 

« 

• 

• 

3 

<2.37 

• 

• 

• 

4 

<2.63 

• 

• 

• 

6 

<2  24 

9 

• 

• 

6 

6.67 

t  0  430 

0173 

293 

7 

7.62 

7  0  103 

0416 

6.63 

8 

6  70 

1074 

0.300 

446 

9 

6  76 

X  0  103 

0416 

b.16 

10 

<2  33 

• 

• 

• 

1/ Average  film  ttiKknoM  •  6  6  mil. 

2/  ondicate*  Mm  men  minimum  meeetirebU  value  mown. 
3/  •  indlcetei  a  valve  could  not  be  determined 
4 y  A  meeeure  of  relative  diepereion  about  the  temple  mean 
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Past  experience  indicates  that  there  are  a  number  of  paints  whose 
elony.it ion  is  greater  than  8%,  as  well  as  a  number  ol  paints  whose  elongation 
is  less  than  2%.  Also,  there  an  a  number  nt  paints  which  fail  to  per  form 
satisfactorily  n  fit  Id  exposure  tests  while  meeting  tire  flexibility  requirement. 
In  order  to  determine  quantitatively  the  correlation  between  the  flexibility 
of  a  coating  and  Us  service  tier  lurmance,  it  is  most  desirable  that  the  elonga  ¬ 
tion  of  a  paint  film  be  measuiad  more  precisely  and  in  a  wider  range  than  is 
available  by  the  above  standard  methods,  fhis  repoit  describes  .inotliei 
method  that  gives  quantitative  data  over  a  wider  range  Ilian  f  TMS  No.  Ml, 
Method  6222. 


FREE-FILM  METHOD 
Apparatus 

1  he  apparatus  shown  m  Figure  1  (Gardner  1  ensile  Strength  and 
Elongation  Apparatus)  was  obtained  from  Gardner  Laboratory  ln< ..  Betlresd.i, 
Maryland.  It  is  used  to  determine  the  tensile  strength,  elongation,  and  '  las 
tic'ity  of  free  lilms  of  coating  materials.  1  tie  test  paint  film.  <  nt  to  a  p,nh<  ul.it 
si/e  (as  explained  later),  is  fastened  to  clamps  which  are  adjuste.l  to  he  10  i  m 
apart.  1  he  upper  clamp  is  moved  upward  at  a  rate  of  either  10  nr  30  nun/nnn, 
stretching  the  film  and  the  spring  to  which  the  lower  clamp  is  fastened,  1  In 
elongation  of  a  film,  up  to  100%,  and  its  load  .it  the  time  of  failure  is  mdn  ate.) 
on  the  attached  scale.  The  apparatus  has  two  calibrated  springs,  on.  for  mca 
soring  loads  up  to  bOO  grams  and  the  othei  lor  measonng  loads  up  to  I’.'.OO 
grams,  The  calibrated  springs  provide  added  (lata  tor  determinmii  tin-  t'  male 
Strength  of  s<rniple  films  being  measured  for  elongation.  1  In  c 1 mica'  mandrel 
method  of  measuring  the  elongation  of  sample  film  does  not  provnli  t.  iisile. 
Strength,  dat.i. 

Reference  to  the  Gardner  apparatus  described  and  ds  use  in  the.  work 
does  not  constitute  an  endorsement  of  it  in  preference  to  other  equipment  on 
t he  market  capable  of  performing  in  a  similar  manner.  1  his  paper  is  dins  ted 
toward  a  comparison  of  test  techniques,  and  no  effort  has  been  made  to  test 
Other  products  that  might  hr  equally  .ftcc  live  in  di  .•  'mining  the  elongation 
of  free  paint  films. 

Preparation  of  Samples 

Test  films  were  prepared  by  the  method  described  tiy  Harris.4  (  a.  It 
paint  was  thoroughly  mixed,  avoiding  entrapment  of  air  bubbles  win*  h  i  an 
produce  pin  holes  in  the  cured  films.  The  film  was  then  cast  on  a  photographic 
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sheet.  double-weight  in.jtte,  by  a  motoi -dr  i/en  applicator*  equip-pud  w i ! * s  a 
vacuum  |)l,iti:  to  hull/  1 1  h  ■  substrate  flat  and  a  blade  of  cUl|«  clearance. 
After  p.m it  w. is  applied,  the  photographic  sheet  was  removed  from  tlx; 
applicator.  t  is trued  ;o  ,i  fl.il  glass  piatr  In  prevent  curling,  and  ,iir  -dried  for 
7  weeks  in  a  wi'il  -ventilated  'nom  wiH.it'  Ilit'  IfirijK’Mtiiir  was  maintained 
between  ’0  and  H‘j"(  . 

1  In  dried  film  Was  stripped  from  the  photographic  sheet  oy  wetting 
the  bar k  of  the  sheet  with  wutei.  Moisture  so, iked  through  the  sheet,  and 
the  dry  film  was  easily  peeled  from  its  surface.  The  free  film  was  tut  into 
strips  20  by  120  mm  using  a  sharp  ra/or  blade.  1 1  is  important  that  the 
strips  l>e  of  uniform  width  jnd  thickness  and  true  of  nicks  along  edges  and 
other  flaws  which  might  affect  experimental  results.  Acceptable  strips  wore 
Stored  in  a  humidity-controlled  storage  room  with  the  temperature  main¬ 
tained  at  ?0  to  Ob°F  and  a  relative  humidity  of  bO  1 2%  for  another  2  weeks 
to  assure  complete  curing  under  specific  conditions  before  the  tusts  were 
performed. 

Testing  Procedure 

Care  was  taken  to  prevent  damage  to  the  test  strips  by  the  alligator 
clamps  of  the  test  apparatus  by  inserting  rubber  sheets  between  their  jaws. 

T  he  specimens  were  fastened  with  the  clamps  normal  to  the  direction  of 
pull  to  prevent  premature  rupture  o<  the  specimen  and  erroneous  eadmgs. 
Most  experimental  errors  in  this  test  are  due  to  slight  variation  in  preparation 
or  mounting  of  the  samples. 

Since  ambient  tengrerature  and  humidity  probably  have  marked 
influence  on  the  measurement  of  film  elongation,  the  test  should  be  con¬ 
ducted  in  a  control  led  environment  tor  best  results.  The  temperature  and 
relative  humidity  should  be  recorded  at  the  time  of  each  experiment  if  a 
controlled  environment  is  not  used. 

The  4  weeks  total  curing  time  permitted  the  paints  to  cure  much  as 
they  would  in  the  held.  The  rate  of  cure  can  be  accelerahKJ  by  heating,  as 
done  in  Specification  Tf-P-dbb  and  Federal  Test  Method  Standard,  No.  141. 
but  the  mechanism  of  curing  at  an  elevated  temperature  is  not  the  same  as 
that  m  the  field.  Thus,  there  may  be  some  sacrifice  in  accuracy  with  accel¬ 
erated  curing.  If  desired,  the  extent  of  this  sacrifice  can  be  determined  by 
comparing  elongation  values  received  for  paints  cured  for  4  weeks  with  those 
of  the  same  paints  that  have  been  heat-cured. 


•  Mdiuil.ii  lured  by  Gdfdnef  Ldburdlury.  Hetbrsda,  MaryldiiJ. 
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The  specimens  described  in  this  report  were  elongated  at  the  rate 
of  30  mm/min.  The  percent  elongation  and  the  loading  force  at  the  rupture 
point  (R.  P.)  are  read  directly  from  scales  on  the  instrument.  Tensile  strength 
is  calculated  as  the  pull  in  grams  per  square  millimeter  needed  to  rupture  the 
specimen.  A  minimum  of  five  samples  were  run  for  each  material  tested.  If 
one  value  in  a  set  of  five  appeared  to  differ  widely  from  the  others,  the  sus¬ 
pected  value  was  temporarily  ignored,  and  the  mean  average  deviation  of  the 
others  were  computed.  If  the  deviation  of  the  suspected  value  from  the 
mean  of  the  others  was  more  than  four  times  their  average  deviation,  the 
suspected  value  was  rejected.  If  it  was  not,  it  was  retained,  and  a  new 
average  value  and  average  deviation  were  computed. 


LABORATORY  RESULTS 
Double-Thickness  Films 

Results  of  elongation  testing  by  the  above  method  are  given  on  line 
3of  Table  1.  Since  those  elongation  measurements  were  made  on  free  films 
rather  than  on  films  bonded  to  a  substrate  as  in  the  two  standard  methods, 
the  results  can  be  compared  only  grossly  with  those  from  the  other  methods. 
The  results,  however,  clearly  indicate  that  the  free-film  method  has  extended 
the  measurable  range  of  elongation  beyond  that  of  the  conical-mandrel 
method.  Table  3  indicates  that  the  precision  of  the  free-film  test  method 
was  higher  overall  than  that  of  the  conical-mandrel  standard  method  (see 
Table  2]  in  the  range  where  flexibility  (percent  elongation)  of  the  specimens 
could  be  assigned  quantitative  values.  The  greater  precision  of  the  ‘ree-film 
method  was  determined  statistically  by  the  F-test.  F,  the  ratio  of  .anances 
for  elongation  values  for  samples  6,  7,  8,  and  9  dete/ mined  by  the  two  test 
methods,  was  18.8.  The  critical  value  of  F  rit  the  99.9%  confidence  level, 
3.43,  was  greatly  exceeded,  indicating  a  very  highly  significant  increase  in 
precision  by  the  free-film  method.  The  precision  of  this  method  is  greatest 
with  specimens  having  the  greatest  elongations.  This  is  due  to  the  fact  that 
errors  arising  from  sample  preparation  and  measurement  occur  more  fre¬ 
quently  on  specimens  of  low  elongation. 

The  data  analysis  of  tensile  strength  obtained  with  the  Gardner 
apparatus  is  given  in  Table  4,  The  coefficients  of  variation  of  the  data 
indicate  that  the  overall  precision  of  the  tensile-strength  determination  may 
be  slightly  better  than  that  for  percent  elongation. 
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Table  3.  Analysis  of  Flexibility  (Percent  Elongation)  Data  Obtained  by 
Tensile  Strength.  Elongation  Apparatus 


Sample  1/ 

No. 

Average 

Elongation 

<%) 

Limit  at  95% 
Confidence 
Interval 

Estimated 

Standard 

Deviation 

Coefficient 
of  Variation 

<%) 

1 

1.28 

±0.103 

0  003 

6.53 

2 

0.62 

±0.161 

0.130 

21.03 

3 

0.62 

±0.135 

0.109 

17.66 

4 

1.60 

±0.12-1 

0.100 

6.25 

0 

0.98 

±0.135 

0.109 

11.17 

6 

5.16 

±0.1 10 

0.089 

1.73 

7 

3.98 

±0.103 

0.083 

2.10 

8 

5.04 

±0.1 10 

0  089 

177 

9 

5.06 

±0.067 

0.054 

1.08 

10 

1.00 

±0.361 

0.291 

29  16 

J j  Average  film  thickness  =  7.6  mil. 


Table  4.  Analysis  of  Tensile-Strength  Data  Obtained  by  Tensile 
Strength,  Elongation  Apparatus 


Sample1-' 

No. 

Tensile  Strength 
at  R.  P._ 
(gm/mm'l 

Limit  at  95% 

Confidence 

Interval 

Estimated 

Standard 

Deviation 

Coefficient 
of  Variation 

(%) 

1 

535.8 

±29.3 

23.6 

4.41 

2 

632.9 

±21.8 

17.6 

2.79 

3 

518.6 

±92.0 

74.0 

14.27 

4 

481.6 

±57.6 

46.4 

9.64 

5 

582.4 

±27.2 

21.9 

3.76 

6 

522.0 

±16.0 

12.9 

2.47 

7 

510.0 

±34.4 

27.7 

5.43 

8 

576.3 

±11.0 

8.9 

1.55 

9 

482.0 

±35.6 

28.7 

5.96 

10 

644.8 

±17.0 

13.7 

2.13 

jy  Average  film  thickness  =  7.6  mil. 
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Single-Thicknws  Films 

In  addition  to  the  above  experiments,  paint  films  of  the  same  ten 
paints  were  prepared  at  one  half  the  previously  used  thickness,  aged  for  4 
weeks,  and  tested  with  the  Gardner  apparatus.  Similar  pairs  of  paints  of 
approximately  the  same  thicknesses  were  tested  by  FTMS,  No.  141,  Method 
6222.  The  tensile-strength  and  elongation  data  for  both  thicknesses  are 
presented  in  Table  5.  They  reveal  the  following  general  characteristics  for 
the  films  tested. 

Summary  of  Laboratory  Experiments 

1.  While  the  load  required  for  film  rupture  increased  with  increasing  thickness, 
the  tensile  strength  of  the  film  decreased. 

2.  Percent  elongation  to  the  point  of  rupture  increased  as  the  film  thickness 
increased.  It  could  be  expected  to  decrease  with  prolonged  curing. 

3.  As  a  result  of  relations  1  and  2,  percent  elongation  increased  as  tensile 
strength  decreased. 

4.  There  is  considetably  greater  relative  variation  in  percent  elongation  than 
in  tensiie  strength  at  a  particular  film  thickness. 

APPLICATION  OF  FREE-FILM  METHOD  TO  PREVIOUS  STUDIES 

Determining  flexibility  and  tensile  strength  of  paint  films  may  be 
useful  m  predicting  the  durability  of  these  paints.  Schurr5  and  others  have 
indicated  that  tensile  strength  versus  time  curves  correlated  well  with  dura¬ 
bility  of  exterior  house  paints.  Tests  conducted  at  NCEL1'3  have  indicated 
that  good  paint  flexibility  is  necessary  for  optimum  performance  of  airfield 
marking  paints. 

An  initial  effort'  at  NCEL  to  establish  a  quantitative  correlation 
between  the  flexibility  and  performance  of  airfield  marking  paints  was 
unsuccessful  because  elongation  values  could  not  be  determined  quantita¬ 
tively  by  the  FTMS  Method  for  paints  of  low  flexibility  (see  Table  1)  The 
free-film  method  of  determining  percent  elongation  does  provide  the  quan¬ 
titative  data  necessary  for  determining  such  a  correlation. 
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Table  5.  Elongation  and  Tensiie-Strengtn  Data  of  Ten  Paints 
Obtained  by  Two  Test  Methods 


(Tensile-strength  data  unobtainable  with  standard  method) 


Gardner  Tensile  Strength,  Elongation  Apparatus 

FTMS.  No.  141, 
Meihod  6222 

Paint 

Tensile 

No. 

Thickness 

R  pi/ 

Strength 

Elongation 

Thickness 

Elongation 

(mill 

at  R.  P. 

1%) 

(mil) 

<%} 

(gm) 

o 

(gm/nim*) 

7.4 

535.8 

1.28 

7.0 

<2.46 

3.5 

1,510 

861.0 

0.48 

4.5 

<1.95 

9 

7.8 

>2,500 

>632.9 

C.62 

6.9 

<2.44 

3.8 

1.598 

832.5 

0.42 

4.4 

<1.92 

8.1 

2  274 

518.6 

0.62 

6.6 

<2.37 

3.7 

1,406 

756.3 

0.36 

4.2 

<1.87 

8.1 

2,064 

481.6 

1.60 

7.3 

<2.52 

3.5 

1.710 

962.1 

0.44 

4.1 

<1.86 

7.1 

2.094 

582.4 

0.98 

5.9 

<2.24 

3.5 

1,150 

647.4 

0.20 

3.9 

<1.83 

A 

7.8 

2,050 

522.0 

5.16 

5.9 

5.87 

3.6 

1,252 

683,3 

2.32 

4.2 

2.73 

7 

7.3 

1,846 

510.0 

3.98 

6.7 

7.52 

3.3 

1,226 

722.8 

2.92 

4.4 

3.55 

p 

7.1 

2,090 

576.4 

5.04 

G.l 

6.70 

3.0 

1.047 

673.8 

2.48 

3.9 

3.C5 

q 

7.8 

1,908 

482.1 

5.06 

6.5 

6.76 

3.1 

1,150 

727.0 

2.52 

4.7 

2.1  1 

1q2/ 

2,480 

644,8 

1.00 

6.4 

<2.33 

1,084 

646,2 

1.46 

3.9 

<1.83 

J/  R.  P.  =  Rupture  point. 

2j  Too  brittle  to  measure  accurately. 


Correlation  Between  Percent  Elongation  (Flexibility)  and  Edge-Cracking  of 
Paint  Stripe- 

Sample  films  of  twenty  airfield  marking  [taints  used  in  previous  NCEL 
field  tests1  3  were  prepared,  and  their  elongations  were  measured  as  described 
in  the  preceding  section  of  this  report.  Elongation  values  of  the  twenty  namts 
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at  thr  two  different  film  thicknesses  are  shown  in  Table  6,  together  with  the 
corresponding  ratings  of  edge  cracking  of  slurry  seal  along  painted  stripes 
obtained  from  NCCL  Technical  Report  R-40Q.*  Reference  1  describes  in 
detail  tfie  experimental  marking  paint  formulations  and  their  application  as 
test  stripes  to  plots  of  slurry-sealed  and  unslurried  asphaltic  pavement  in  a 
randomi/ed  and  replicated  statistical  pattern.  The  edge-cracking  ratings 
recorded  in  December  1 9L>4.  7  weeks  after  paint  application,  were  used  to 
determine  the  correlation  with  percent  elongation  because  at  that  time  they 
showed  a  maximum  variation,  making  conclusions  drawn  from  these  data 
most  meaningful. 

T  he  correlations  between  the  edge-cracking  of  single-thickness  stripes 
and  the  percent  elongation  of  the  two  different  thicknesses  were  found  to 
have  a  high  statistical  significance.  Coefficients  of  correlation  (r)  were  0.57 
for  the  thicker  film  arid  0.52  for  the  thinner  film.  Critical  correlation  values 
of  different  levels  of  significance  are  indicated  in  Table  7. 

Edge-cracking  ratings  of  double -thick ness  stripes  at  the  time  of 
maximum  variation,  however,  failed  to  show  a  significant  correlation  with 
paint  flexibility  (Table  7).  This  was  probably  due  in  large  part  to  the  greater 
amount  of  edge-crack  my  in  double-thickness  stripes  compared  with  single¬ 
thickness  stripes  at  this  timet. 

Correlation  uetween  Percent  Elongation  (Flexibility)  and  Lifting  of  Stripes 

Ttie  elongation  values  in  T able  6  of  the  twenty  paints  with  two 
different  thicknesses  are  listed  in  Table  8  along  with  the  ratings  of  slurry- 
seal  liftiny  under  test  stripes  obtained  from  NCEL  Technical  Report  R-499.2 
Lifting  ratings  of  April  1965,  6  months  after  paint  application,  were  selected 
for  determining  correlation,  because  they  had  ’he  greatest  variation  at  this 
time. 

Statistical  analysis  indicated  that  the  correlations  between  the 
flexibility  at  the  two  different  free-film  thicknesses  and  the  lifting  ratings  of 
two  different  thicknesses  of  stripe  were  found  to  range  Irom  statistically 
significant  to  very  highly  significant,  the  significance  being  much  greater  for 
double-  than  for  single-thickness  stripes.  The  coefficients  of  correlation 
between  flexibility  and  lifting  of  painted  stripes  in  the  field  are  given  in 
Table  7,  together  with  the  critical  value  at  different  levels  cf  significance. 
Correlation  between  flexibility  and  corresponding  lifting  ratings,  disregarding 
the  effect  of  thickness,  was  very  highly  significant  (r  -  0.48,  where  the 
critical  value  of  significance  at  99.9%  level  is  0.36). 
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Table  6.  Edge-Cracking  Ratings  (Dtcembar  1964)  and  Flexibility 
(Elongation)  ot  Twvtnty  Paint*1 

Perctnt  MO  indicates  no  cracking,  0  indicate*  complete  cracking) 


r- 

Ttit  Plot  1 

T»«t  Plot  2 

~ 

Elonaetion 

Paint 

Forn^ulation 

vv 

* 

w 

w 

■ 

■ 

subtotal 

<%i 

EE9 

s 

D 

s 

0 

s 

0 

s 

0 

s 

0 

C|V 

8 

6 

8 

7 

3 

2 

2 

23 

17 

0.20 

0.28 

1 

9 

9 

9 

9 

7 

8 

B 

9 

32 

35 

0.48 

1.28 

Cl 

10 

10 

10 

10 

6 

9 

8 

10 

34 

39 

0  46 

0.50 

c2 

10 

9 

9 

9 

7 

8 

7 

8 

33 

34 

0.42 

062 

Cl 

6 

9 

6 

9 

t 

8 

1 

8 

14 

34 

0.30 

0.48 

C2 

4 

2 

5 

& 

8 

8 

8 

7 

25 

22 

0.36 

0.67 

Cl 

10 

10 

10 

10 

8 

9 

8 

10 

38 

39 

0.68 

0  40 

c2 

10 

10 

9 

10 

8 

10 

8 

10 

35 

40 

0.44 

1.60 

c. 

1 

1 

1 

0 

0 

0 

1 

1 

3 

2 

0.70 

0.26 

& 

c2 

3 

0 

3 

0 

6 

0 

7 

0 

19 

0 

0.20 

0.98 

6 

Cl 

10 

10 

10 

10 

10 

10 

10 

10 

40 

40 

2.74 

4  54 

c2 

10 

10 

10 

10 

10 

10 

10 

10 

40 

40 

2.32 

5.16 

Cl 

10 

10 

10 

10 

8 

10 

8 

10 

36 

40 

1.62 

4.66 

C2 

10 

9 

9 

8 

10 

9 

9 

9 

38 

35 

292 

398 

8 

C, 

9 

9 

9 

10 

7 

6 

32 

32 

2.96 

4  12 

C2 

9 

9 

9 

8 

8 

9 

35 

31 

248 

5.04 

9 

Cl 

10 

10 

10 

10 

4 

10 

33 

40 

2.24 

4  28 

c2 

8 

1 

7 

10 

7 

6 

27 

30 

2.52 

5  06 

10 

Cl 

6 

4 

m 

8 

8 

0 

26 

0 

1  48 

2  10 

c2 

7 

1 

6 

m 

■a 

D 

4 

0 

17 

1 

1.46 

ICO 

1/  Wj  •  4-Inch  Width  ^/S  “  Single  Thickness  Jj/C^  3  With  Carbon  Black 

2/  Wj  ■  12-Inch  Width  Ay  D  *  Double  Thick  ness  §y  Cj  *  Without  Carbon  Black 
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Table  7.  Coefficient  of  Correlation  Between  Free-Film  Elongation 
and  Edge-Cracking,  Paint  Lifting,  Paint  Deterioration 


(Critical  value  of  significance  at  95%  leva!  =  0.44,  significant) 
(Critical  value  of  significance  at  99%  level  *  0.56.  highly  significant) 
(Critical  value  of  significance  at  99,9%  level  -  0.68,  very  highly  significant) 


— 

Free-Film 

Edge-Cracking 

Paint 

Lifting 

Paint 

Deterioration 

D& 

S 

D 

S 

D 

Lesser  thickness 

0.52 

0.42 

0.58 

0.65 

0.85 

0.64 

Greater  thickness 

0.57 

0.31 

0.46 

0.73 

0.75 

0.72 

J/  S  *  Single-thicknr-ss  stripes. 

D  ■  Double-thickness  stripes. 


Correlation  Between  Percent  Elongation  (Flexibility)  and  Deterioration  of 
Paint  Stripes  on  Unslurried  Asphalt 

The  same  flexibility  values  of  twenty  paints  with  two  different 
thicknesses  (Tables  6  and  8)  are  listed  in  T able  9  along  with  the  ratings  of 
paint  deterioration  on  unslurried  asphalt  obtained  from  NCEL  Technical 
Report  R-500.3  The  deterioration  ratings  recorded  on  February  1966.  15 
months  after  paint  application,  were  selected  for  analysis  under  the  same 
reasoning  as  stated  m  the  two  preceding  sections. 

Statistical  analysis  indicated  that  the  correlations  between  the 
flexibility  at  two  different  free-film  thicknesses  and  the  deterioration  at 
two  different  stripe  thicknesses  ranged  from  highly  significant  to  very  highly 
significant.  The  coefficients  of  correlation  between  flexibility  and  deterio¬ 
ration  of  paint  on  unslurried  asphalt  are  given  in  Table  7,  together  with  the 
critical  values  at  different  levels  of  significance.  Correlation  between  flexi¬ 
bility  and  corresponding  paint  deterioration  rate,  disregarding  the  effect  of 
thickness,  was  very  highly  significant  (r  =  0.63,  whereas  the  critical  value 
of  significance  at  the  99.9%  level  is  0.36). 


CONCLUSIONS 

The  free-film  method  of  determining  paint  elongation  is  more 
precise  than  the  methods  using  a  mandrel  and  has  a  wider  range  of  values. 
Tensile  strength  of  paint  films  con  also  be  determined  by  this  method. 
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Table  8.  Lifting  Rating.  (April  1966)  end  flexibility  (Percent  Elongation) 
of  Twenty  Pairtt^ 

(Riling  of  4  ia  high.  rating  of  t  ii  low) 


Paint 

Formulation 

Taat  Plot  t 

Tar  Plot  2 

>total 

Elongation 

<%> 

M 

w 

2^ 

*1 

w2 

si/ 

D4-/ 

s 

B 

B 

D 

S 

O 

1 

c,* 

4 

3 

3 

2 

B 

2 

14 

10 

0  20 

028 

Cp 

2 

2 

2 

2 

| 

2 

2 

2 

10 

B 

048 

1  28 

2 

Cl 

4 

3 

3 

3 

B 

4 

3 

16 

12 

046 

050 

C2 

3 

7 

2 

3 

B 

3 

3 

3 

12 

1  1 

042 

0  62 

3 

c, 

2 

2 

3 

2 

3 

1 

3 

1 

11 

6 

030 

0  48 

c2 

2 

2 

2 

2 

3 

2 

2 

2 

9 

8 

036 

0  62 

4 

c, 

2 

2 

3 

2 

4 

3 

4 

3 

13 

10 

068 

0  40 

C2 

3 

2 

2 

3 

3 

3 

3 

3 

11 

11 

0  44 

1.60 

5 

C, 

4 

1 

4 

1 

4 

1 

3 

1 

15 

4 

0.20 

0  26 

c2 

4 

1 

3 

1 

4 

1 

2 

1 

13 

4 

0  20 

098 

6 

c« 

4 

1 

B 

3 

4 

4 

4 

4 

16 

16 

2  74 

454 

c2 

4 

H 

B 

4 

4 

4 

3 

4 

lb 

16 

2  3? 

5  16 

7 

C, 

4 

H 

B 

3 

4 

4 

4 

4 

16 

15 

1  62 

466 

Cj 

4 

B 

4 

4 

4 

4 

4 

16 

16 

292 

398 

B 

C, 

4 

3 

3 

3 

4 

4 

4 

3 

15 

13 

29b 

4.12 

C2 

4 

4 

3 

3 

4 

4 

4 

3 

15 

14 

248 

504 

9 

Cf 

4 

3 

B 

4 

4 

3 

3 

3 

14 

13 

2  24 

428 

c2 

2 

3 

■ 

2 

1 

a 

3 

13 

12 

252 

5  06 

10 

C. 

n 

D 

B 

1 

! 

H 

1 

16 

4 

1.48 

2  10 

c2 

! 

B 

1 

D 

1 

16 

4 

1.46 

1  00 

1/W,  -  4-Inch  Width  3/ S  ■  Single  Th.cknesa  5/C,  -  With  Carbon  Black 

2/  w2  ■  '2-Inch  Width  4^  0  -  Double  Thicknea  6/  Cj  •»  Without  Carbon  Black 


Teble  9.  Feint  Octet  ItHitlon  Bet  Inge  (Fetoruety  19061  end  Fltalblllty  (Percent 
Hongetion]  ol  Twenty  Pelnte^ 


(Hetlng  ol  3  ii  rettng  ol  1  It  low) 


r 

T«*t  Plol  1 

_ 

Tett  Plot  2 

(longetlon 

Feint 

F  otmulet  Ion 

*1 

E 

«1 

II 

(%) 

ESI 

D 

D 

D 

a 

a 

s 

D 

8 

D 

1 

c,5/ 

n 

2 

2 

2 

2 

B 

2 

2 

8 

8 

020 

c,5/ 

n 

2 

2 

2 

2 

H 

1 

2 

7 

8 

0.48 

v’ 

ci 

2 

2 

2 

2 

2 

2 

3 

2 

9 

8 

0  48 

KPS 

2 

C2 

3 

2 

2 

2 

2 

2 

2 

3 

9 

9 

0.42 

0.62 

Cl 

2 

2 

2 

B 

2 

1 

2 

1 

8 

8 

0.30 

«2 

2 

2 

2 

D 

2 

2 

a 

8 

038 

062 

C1 

2 

2 

2 

I 

3 

H 

2 

10 

8 

088 

0.40 

4 

<=2 

2 

2 

2 

2 

2 

I 

2 

2 

8 

0.44 

1.60 

6 

C| 

2 

2 

2 

1 

2 

i 

1 

1 

B 

6 

0.20 

0.26 

C2 

2 

1 

2 

1 

2 

i 

1 

m 

4 

020 

6 

C| 

3 

D 

D 

3 

3 

3 

D 

3 

12 

12 

m 

4.64 

c2 

m 

n 

B 

3 

3 

3 

3 

3 

12 

12 

m 

5.16 

«1 

1 

3 

s 

3 

3 

3 

3 

3 

12 

12 

162 

4.66 

C2 

3 

2 

B 

3 

3 

3 

3 

3 

12 

11 

2  9? 

398 

Cl 

3 

3 

3 

2 

3 

3 

3 

2 

12 

10 

2  96 

4.12 

8 

«2 

3 

2 

3 

2 

3 

2 

3 

H 

12 

8 

2.48 

6.04 

C1 

3 

3 

2 

3 

2 

3 

2 

fl 

9 

11 

224 

428 

9 

Cj 

3 

2 

2 

3 

3 

2 

3 

2 

11 

■ 

2.62 

606 

10 

Cl 

2 

2 

2 

2 

3 

2 

2 

2 

9 

H 

1.48 

2.10 

C2 

3 

1 

3 

1 

3 

1 

3 

1 

12 

n 

1.46 

1.00 

\j  Wj  -  4-Inch  Width  .3/?  *  Single  Thicknett  ^/C(  *  With  Cerbon  Sleek 

2/Wj  -  12-Inch  Width  4y  O  »  Double  Thicknett  6/Cj  *  Without  Cerbon  (Heck 
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Overall  results  of  statistical  analysis  indicate  that  there  is  a  definite 
correlation  between  flexibility  (percent  olonij.it u>n)  and  fiirld  performance 
of  airfield  marking  oamts.  Although  it  is  not  expect!  J  thot  any  one  factor, 
Such  as  flexibility,  is  vi  important  that  it  alone  can  lie  used  as  a  basis  for 
prudic tiny  performance  ijl  paints,  paints  With  poof  flexibility  can  not  tie 
expected  to  per  form  as  well  as  similarly  formulated  paints  wilh  greater 
flexibility. 


RECOMMENDATION 

Othei  available  equipment  for  measuring  flexibility  appejrs  to  he 
worth  investigating.  It  is  possible  that  then-  may  he  a  devil  e  which  can 
measure  the  elongation  more  precisely  and  accurately  than  the  devices 
presently  used. 


It 
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Table  1  Paint-Film  Flexibility  (Percent  Elongation)  Determined  by  Voiious  Test  Methods 


Test 

Method 

Aweragp 

Film 

Thickness 

iniil) 

Paint  Sample  No. 

1 

2 

3 

4 

6 

6 

D 

8 

e 

10 

TT-P-85U 

4.2 

F 

F 

F 

F 

F 

n 

c 

C 

a 

a 

FTMS 
No.  141 

1%) 

6.5 

<2.46 

<2.4F 

<2.37 

<2.52 

<2.24 

B.87^ 

D 

6  70,y 

S 

<2  33 

Gardner 

Apparatus 

(%) 

fl 

1.28 

0.62 

0.62 

1.60 

■ 

5.16 

3.98 

|  6.04 

5  06 

1.00 

NOTE.  F  means  tailed  to  meet  qualitative  requirement. 

C  means  conformed  to  Qualitative  requirement. 

<  indicates  less  then  minimum  measurable  percent  elongation  shown. 
J f  No  cracking  or  flaking  at  1/2-inch  mandrel. 


Table  2.  Analysis  of  Flexibility  (Percent  Elongation)  Data  Obtained  by 
FTM5  No.  141,  Method  6222 


Sample-7 

No. 

Average 

Elongation 

<%) 

Limit  at  95% 

Confidence 

Interval 

Estimated 

Standard 

Deviation 

Coefficient^ 

of  Variation 
<%l 

1 

<2.46?/ 

•3/ 

. 

• 

2 

<2.44 

• 

• 

• 

3 

<7  37 

• 

• 

• 

4 

<2.53 

• 

• 

• 

5 

<2.24 

• 

• 

• 

6 

5.87 

±0  430 

0  173 

2.93 

7 

7.52 

±0.103 

0.416 

5.53 

8 

6.70 

±0.745 

0  300 

4  48 

9 

6  76 

±0.103 

0  416 

6.15 

10 

<2.33 

* 

• 

• 

1/  Average  film  thickness  ■  6.5  mil. 

2 j  < indicates  less  than  minimum  measurable  value  shown. 
3 j  •  indicates  e  value  could  not  be  determined. 

<j  A  meagre  of  relative  dispersion  about  the  sample  mean. 
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Many  field  activities  of  the  Naval  Shore  Establishment  have  found 
that  airfield  runway  markings  and  the  asphaltic  substrate  deteriorate  rapidly. 
Studies  conducted  at  the  U.  S.  Nava!  Civil  Engineering  Laboratory  (NCEL)1  3 
have  indicated  that  flexibility  is  a  prerequisite  toi  good  he'd  performance  of 
airfield  maiking  paints. 

A  method  for  measuring  the  flexibility  of  airfield  mnway  marking 
paints  is  given  in  Federal  Specification  TT-P-8bb.  This  specification  requires 
that  the  paint  on  a  test  panel  neither  crack  nor  flake  after  bending  180  degrees 
around  a  1/2- inch-diameter  cylindrical  mandrel,  evidence  of  cracking  or 
flaking  from  the  thin  metal  panei  constitutes  failure.  Thus,  test  results  are 
reported  as  either  "conformed"  or  "failed."  The  results  of  such  flexibility 
tests  of  ten  experimental  airfield  runway  marking  paints  from  previous 
studies1'3  are  shown  on  line  1  of  Table  1.  It  shows  that  paints  7  and  8  met 
the  qualitative  requirement,  whereas  paints  1,  2,  3,  4,  5,  6,  9,  and  10  d'd  not. 

it  is  much  more  desirable  in  coating  research  to  have  objective  and 
quantitative  data  rather  than  just  a  "conformed”  or  "failed"  notation.  Test 
methods  for  obtaining  quantitative  data  are  described  in  ASTM  Standard 
D522-60  and  in  Federal  Test  Method  Standard  (FTMS)  No.  141,  Method 
6222.  Both  use  a  conical  rather  than  a  cylindrical  mandrel  in  the  bend  test, 
so  that  the  diameter  of  the  mandrel  at  which  no  cracking  occurs  can  be 
measured.  The  flexibility  of  paint  films  determined  by  these  procedures  is 
expressed  in  terms  of  percent  elongation  of  the  film.  Either  test  method  is 
satisfactory  for  routine  quality  tasting,  but  each  has  limitations  for  use  in 
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methods  is  only  from  approximately  2  to  8%,  depending  upon  the  thickness 
of  the  paint  film  on  the  panel  used  as  a  substrate. 

Examples  of  test  results  obtained  by  FTMS  No.  141,  Method  6222, 
are  given  on  line  2  of  Table  1.  It  can  be  seen  that  only  paints  6,  7,  8,  and  9 
had  values  in  the  measurable  range  of  this  method,  whereas  paints  1,  2,  3,  4, 
5,  and  10  had  values  less  than  the  lower  limit,  and  their  actual  percent 
elongation  could  not  be  determined.  The  measurements  were  made  in 
triplicate,  and  the  precision  of  the  results  is  illustrated  in  Table  2.  Line  3 
of  Table  1  shows  data  obtained  using  a  free-film  method  of  determining 
paint  flexibility.  This  method  is  beheved  to  be  more  precise  and  will  be 


described  later 
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